1. Introduction
===============

Gastric cancer is one of the most frequent malignancy types of cancer. Radical surgery is the only curable treatment modality for patient with resectable disease. However, majority of the patients are diagnosed with advanced gastric cancer^\[[@R1]\]^ and 40% of patients will recur after curative resection.^\[[@R2]\]^ The median survival time for patients with advanced gastric cancer ranges from 8 to 16 months in previous studies.^\[[@R3]--[@R6]\]^ Basis on the results of the studies, systemic palliative chemotherapy combines fluorinated pyrimidines and platinum-based drugs improved their survival and quality of life for patients with metastatic or advanced gastric cancer.^\[[@R7],[@R8]\]^

Oxaliplatin is a newer-generation platinum agent for the treatment of gastric cancer which is less adverse events besides gastrointestinal toxicities and peripheral sensory neuropathy.^\[[@R9]\]^ The REAL-2 study demonstrated that oxaliplatin was as effective as cisplatin.^\[[@R10]\]^ Another phase III study also reported that oxaliplatin plus 5-FU/leucovorin has a better progression-free survival (PFS) and overall survival time (OS) than cisplatin plus 5-FU/leucovorin.^\[[@R9]\]^ The National Comprehensive Cancer Network Guidelines suggested that oxaliplatin is a recommended regimen for patients with metastatic or advanced gastric cancer. S-1 is an orally administered prodrug of 5-fluorouracil, and the response rates of S-1 in the treatment of gastric cancer was 32%.^\[[@R11]\]^ The SPIRITS study indicated that cisplatin plus S-1 can served as the standard first-line therapy for advanced gastric cancer.^\[[@R3]\]^ In addition, another study showed that S-1 in combination with oxaliplatin demonstrate non-inferiority and well tolerated in Asian country.^\[[@R12]\]^ The FLAGS phase III study (S-1 plus cisplatin) carried out in Western countries also demonstrated that cisplatin plus S-1 was at least as effective as cisplatin plus 5-FU with a better safety profile.^\[[@R13]\]^ Wagner\'s study showed that oxaliplatin-containing regimens demonstrated a benefit in OS as compared to cisplatin-containing regimens, and there is a survival improvement of S-1 compared to 5-FU.^\[[@R8]\]^

There are several first-line chemotherapy regimens against metastatic gastric cancer. In China, metastatic or advanced gastric cancer is mainly treated with S-1combined with oxaliplatin, cisplatin, or paclitaxel. And SOX regimen was used more than SP for less adverse effect. Since the current clinical data on 3-weekly SOX regimen with an oxaliplatin dose of 100 or 130 mg/m^2^ and continuous administration of S-1 for 2 or more weeks resulted in unsatisfied toxicities such as neutropenia, thrombocytopenia, anemia, fatigue, and sensory neuropathy. The most optimization of schedule for S-1 and dose of oxaliplatin has yet to be set up. As a result, oncologists may shift their practice toward a more individualized treatment strategy with improved tolerability. We hypothesize that biweekly SOX may further reduce the toxicities compared to 3-weekly SOX. Given the scarcity of study on biweekly SOX as first-line chemotherapy in patients with metastatic or advanced gastric cancer, we performed this study of biweekly SOX as the first-line chemotherapy in patients with metastatic or advanced gastric cancer.

2. Methods/Design
=================

2.1. Study setting
------------------

There were few data on biweekly SOX with an oxaliplatin dose of 85 mg/m^2^ to treat metastatic or advanced gastric cancer in China, so a clinical trial was conducted to examine the efficacy and safety of that therapy regimen.

2.2. Patients
-------------

All patients enrolled in the investigation had histologically confirmed Human Epidermal Growth Factor Receptor type 2 (HER2) negative metastatic or advanced gastric cancer and at least one measurable lesion according to Response Evaluation Criteria in Solid Tumors (RECIST) criteria version 1.1. Patients were eligible if they had completed adjuvant chemotherapy treatment 6 months ago. Other inclusion criteria were as follows: Eastern Cooperative Oncology Group (ECOG) performance status less than or equal to 2; predicted life expectancy at least 4 months; 18--75 years of age; adequate bone marrow: white blood cell count 3.0 ≥ × 10E^9^/L, absolute neutrophil count more than or equal to 1.5 × 10E^9^/L, platelet count more than or equal to 100 × 10E^9^/L, and hemoglobin more than or equal to 90 g/L; adequate hepatic functions: transaminase less than or equal to 3.0 times the upper normal limit (UNL) and serum bilirubin less than or equal to 1.5 × UNL; adequate renal functions: serum creatinine less than or equal to 135 μmol/L; adequate normal cardiac function.

The major exclusion criteria were as follows: active double cancer; pregnancy; a severe comorbidity; allergic to oxaliplatin or S-1; prior radiotherapy in parameter lesions.

Patients were required to provide written informed consent before participate in the study. This prospective clinical trial was approved by the ethical committee of the First Affiliated Hospital of Zhejiang University. The registry number of our study is ISRCTN85705844. The reference number of our study is: Approval Letter of Ethics Committee of the First Affiliated Hospital, College of Medicine, Zhejiang University 2016 No. 116.

2.3. Treatment protocol
-----------------------

Patients were treated with oxaliplatin (85 mg/m^2^) on day one plus S-1 (depending on patient\'s body surface area), twice daily on days 1 to 7 followed by a 7-day rest period chemotherapy. Treatment cycles were repeated every 2 weeks until disease progressed or intolerable toxicity occurred.

Toxicity of this study was graded according to The National Cancer Institute Common Toxicity Criteria version 3.0. In the event of grade 4 hematological toxicities or grade 3 gastrointestinal toxicities, the doses of oxaliplatin and S-1 were reduced 25% in the following cycle, and the doses could be reduced by two dose levels. Treatment was resumed until all toxicity recovery to grade 0 or 1. If the discontinuation of treatment was more than 2 weeks, the patient was excluded from the study. Second-line chemotherapy was permitted.

2.4. Follow-up evaluation and response assessment
-------------------------------------------------

We collected the data of physical examination and routine hematologic studies weekly. Abdomen and lung contrast enhanced computed tomography (CT) or magnetic resonance imaging (MRI) scans were conducted to evaluate the response after every four cycles of chemotherapy. If there was evidence of any clinical deterioration, we assess the treatment effects immediately. Responses were evaluated according to RECIST 1.1 criteria.^\[[@R14]\]^

2.5. Statistical methods
------------------------

PFS and OS were calculated. PFS was calculated from the date of initiation of therapy to the date of first disease progression. OS was defined as the date from treatment initiation to the date of final follow-up or death. The primary objective of this study was to evaluate the overall response rate (ORR), and the secondary objective were to evaluate OS, PFS, disease control rate (DCR), toxicities, and safety. All data were analyzed using SPSS software (version 18.0, Chicago, IL). Kaplan--Meier method was used to analyze the median PFS and OS.

3. Results
==========

3.1. Patient characteristics
----------------------------

Between Feb 2016 and Dec 2017, 46 patients received the treatment at the Department of Medicine Oncology, the First Affiliated Hospital of Zhejiang University, China. The male-to-female ratio was 33:13, and the median age was 59 years (range, 29--78 years). Forty-two patients were newly diagnosed as advanced gastric cancer and four patients evidenced gastric cancer relapse following radical operation. The most frequent metastatic sites were the liver (41.3%) and lymph node (39.13%). 86.96% of the patients had an ECOG performance status of 0 or 1. The baseline characteristics of the patients are listed in Table [1](#T1){ref-type="table"}.

###### 

Baseline patient\'s characteristics (N = 46).
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3.2. Response
-------------

There were 14 patients (30.43%) achieved a partial response (PR), 21 patients (45.65%) evidenced stable disease (SD), and 11patients (23.91%) progressed (PD) during the treatment. The assessed ORR was30.43% (14/46) and the DCR was 76.08% (35/46). None patient was lost to follow-up prior to evaluation. The results are listed in Table [2](#T2){ref-type="table"}.
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Best overall response (N = 46).
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3.3. Survival
-------------

The median follow-up duration was 20.8 months. The PFS and OS were 4.4 months (95% CI, 3.37--5.36 months) and 10.3 months (95% CI, 8.88--11.3 months) respectively. PFS and OS were evaluated via Kaplan--Meier analysis, as shown in Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}. The one-year and two-year survival rates were 41% and 13%, respectively. The patients did not have any other disease or living habit highly relevant to the gastric cancer. There were 11 patients had progressive disease during the first-line chemotherapy. Forty-five patients had gastric cancer and 40 patients die of gastric cancer during the two-year follow-up period.

![Kaplan--Meier curve for progression-free survival.](medi-98-e15696-g003){#F1}

![Kaplan--Meier curve for overall survival.](medi-98-e15696-g004){#F2}

3.4. Toxicity
-------------

Forty-six patients received a total of 257 treatment cycles. The median number of cycles administered was 6. The major hematologic toxicities detected included grade I leukocytopenia (23.91%), and grade I thrombocytopenia (23.91%), grade II neutropenia (21.74%). Grade I/II neuropathy was observed in 11 patients (23.9%). Grade I/II mucositis was noted in 4 patients (8.69%). Fifteen patients (32.6%) experienced grade I/II vomiting. Grade I/II neuropathy was observed in 15 patients (32.6%). Eighteen patients (39.13%) experienced grade I/II nausea. The major grade III/IV hematologic toxicities detected included leucocytopenia 6 (13.04%), anemia 6 (13.04%), and neutropenia 7 (15.22%). Only 4 cycle of neutropenic fever was recorded in this study. The more severe nonhematological toxicities observed included grade III diarrhea (2.17%), grade III neurological toxicity (2.17%) and grade III increased creatinine (2.17%). No treatment-related deaths were noted in this study. Toxicities observed during the treatment are provided in Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}.

###### 

Hematological toxicities.
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###### 

Nonhematological toxicities.
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4. Discussion
=============

Systemic palliative chemotherapy provides improvement of survival and quality of life for patients with metastatic or advanced gastric cancer. Traditional chemotherapy drugs for gastric cancer including paclitaxel, docetaxel, capecitabine, S-1, cisplatin, and oxaliplatin. Two-drug chemotherapy regimens showed a survival advantage compared to single agent regimens. Three-drug chemotherapy regimens had survival advantages compared to two-drug regimens, but the grade 3 or 4 hematologic toxicity occurs significant higher. Therefore, the two-drug combination regimens of fluorinated pyrimidines and platinum-based drugs were used more than single agent regimens or three-drug regimens associated with a promising response rate and tolerable toxicity. Recently, there have been great advances regarding the carcinogenesis mechanism and treatment.^\[[@R15]--[@R17]\]^ But there is still no unified scheme for patients with metastatic or advanced gastric cancer.

The SOX regimen is now being widely adopted for Asian patients with metastatic or advanced gastric cancer. Although some studies of SOX in patients with metastatic or advanced gastric cancer showed tolerable toxicity with 100/130 mg of oxaliplatin, the recommended oxaliplatin dose has not been established yet. In the G-SOX phase III study, oxaliplatin was administered (100 mg/m^2^) on day 1and S-1 was administered (80 mg/m^2^/day) for days 1--14. The response rate of this study was 56% and disease control rate was 84%, PFS was 6.5 months and OS were 16.5 months.^\[[@R12]\]^ The major grade 3/4 toxic effects were neutropenia (22%), thrombocytopenia (13%), anemia (9%), anorexia (6%), and sensory neuropathy (4%). Therefore, activated combination of chemotherapy with less toxic effects is the future direction of development. In our study, the PFS and OS was 4.4 months (95% CI, 3.37--5.36 months) and 10.3 months (95% CI, 8.88--11.3 months) respectively. The 1-year and 2-year survival rate was 41% and 13%, respectively. The ORR and DCR was 30.43% and 76.08%, respectively. In the previous doublet regimen phase III clinical trials, PFS and OS of 8.6 and 4.8 months was reported for SP by the FLAGS trial,^\[[@R18]\]^ 10.5 and 5.6 months was reported for XP regimen,^\[[@R19]\]^ 13.0 and 6.0 months was reported by the SPIRITS trial. Both OS (10.3 months) and TTP (4.4 months) of the biweekly SOX regimen were similar to the results of phase III studies.^\[[@R3]\]^ The PFS of first-line doublet combinations were range from 3.9 to 6.0 months in clinical trials in advanced gastric cancer. The PFS of our study is 4.4 months seems relatively short, but is still in range of the randomized controlled trials. Reasons may explain this phenomenon as follows: Not all of the patients received second-line chemotherapy; only thirty-six patients (78.3%) received second-line chemotherapy. There were ten patients refused to second-line chemotherapy. This study was conducted in real clinical setting that six patients' ECOG performance statuses were 2. Major of the patients (27/46) were involved in at least two recurrences or distant organ metastasis.

The major grade 3/4 toxic effects were neutropenia (22%), thrombocytopenia (13%), anemia (9%), anorexia (6%), and sensory neuropathy (4%) in G-SOX phase III study.^\[[@R12]\]^ In this study, adverse events of Grade 3/4 included were leukocytopenia (13.04%); anemia (13.04%); neutropenia (15.22%); neurological toxicity (2.17%); and diarrhea (2.17%). The nonhematological toxicities observed included grade 3 diarrhea (2.17%), grade III neurological toxicity (2.17%), and grade III increased creatinine (2.17%). Biweekly SOX in patients with metastatic or advanced gastric cancer using the treatment schedule have shown tolerable toxicity compared to the results of phase III studies. A noteworthy advantage of the biweekly SOX was the reduced hematological toxicities. None patient had grade 3/4 thrombocytopenia, grade 3/4 neutropenia and anemia were less frequent. Noteworthy advantage of less gastrointestinal toxicities was observed, only one patient had grade 3 diarrhea. Less hematological and gastrointestinal toxicities may explicable for more courses of chemotherapy, which lead to 41% patient survival at 1 year and 13% at 2 years. Relatively low proportion (78.3% vs 89%) received the second-line chemotherapy may result in shorter OS compared with G-SOX phase III study (10.3 vs 16.5 months).

Based on our results, the biweekly SOX regimen oxaliplatin in combination with S-1 administered produced encouraging antitumor activity and is associated with acceptable toxicity profile in the metastatic or advanced gastric cancer populations in China. This study is relatively confined to patients in China. The biweekly SOX regimen may represent a useful treatment option and generally for patients who are not tolerating of other intensive chemotherapy regimens. This regimen still needs further evaluation in clinical trials .
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